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It is widely believed that surgical and anesthetic
subspecialization leads to better patient outcomes.
Vascular surgery is no exception, with the reduction
in operative mortality associated with ruptured
abdominal aortic aneurysm (RAAA) and the
improving results of carotid endarterectomy being
cited as evidence of the benefits of special exper-
tise.1,2 As a result of these clinical data as well as
other clinical, political, and economic factors, there
is an increasing tendency in the United Kingdom to
centralize vascular surgical services within regional
vascular units serving populations of over 500,000.3
Since 1983, the Edinburgh Regional Vascular
Surgery Unit (ERVSU) has been the sole provider of
24-hour, 365-day vascular surgical services for a
population of 1.2 million living in an area of approx-
imately 4,500 square miles in southeast Scotland
(Fig 1). However, to concentrate vascular expertise
within a small number of individuals at limited geo-
graphical sites inevitably leads to a depletion, or even
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an absence, of expertise elsewhere. For example, of
nine hospitals conducting “general” surgery in this
catchment area, only this and one peripheral unit are
staffed by vascular surgeons. In these circumstances,
ensuring equality of access to specialist care may
become increasingly difficult.4 Although specializa-
tion may improve individual patient outcomes for
specific procedures performed within specialist units,
it is equally important to demonstrate that central-
ization does not prejudice the overall community-
based outcome for the underlying condition. In
contrast to North America, where a minority of AAA
operations are performed for rupture, this patient
group in the ERVSU accounts for no fewer than
Fig 1. Catchment area of the Edinburgh Regional Vascular Surgery Unit: Lothian, Borders,
and Fife Health Board regions.
45% of all the AAA repairs performed.5 Although
reasons for this are complex, it is clear that there is a
low public awareness of the condition and a low
index of suspicion among physicians such that only a
minority of patients initially seen with RAAA have
previously been diagnosed as having an aortic
aneurysm.6 Therefore, RAAA is a major problem in
the United Kingdom, and decisions on how vascular
services are to be distributed must be based, at least
in part, on consideration of how these unstable,
high-risk patients are most appropriately managed.
The aim of this study, therefore, was to examine for
the first time the patterns of referral, management,
and outcome of patients identified as having RAAA
within the catchment area served by this regional
vascular unit.
METHODS
This prospective study was conducted between
January 1, 1989, and December 31, 1995 (the most
recent year for which complete population data are
available). All residents of the catchment area of the
ERVSU—who were admitted to any hospital in 
the catchment area with a diagnosis of RAAA
(International Classification of Diseases ninth revi-
sion codes 441.3, 441.5, and 441.1, if coded in
addition to 441.3 or 441.5), or who were certified
deceased as a result of RAAA, either in the hospital
or in the community—were identified through the
Information and Statistics Division of the National
Health Service in Scotland using the Scottish
Morbidity Records 1 (hospital discharge records)
and General Registrar Office (Scotland) mortality
records. Scottish Morbidity Records 1 are linked to
each other, and to the General Registrar Office
(Scotland) mortality records by the Information and
Statistics Division using probability matching,7 and
they provide a patient database that includes hospi-
tal admission and mortality data. The Lothian
Surgical Audit database was used to identify all resi-
dents from the catchment area who were admitted
to the ERVSU with RAAA.8 Residents of the catch-
ment area who were admitted to hospitals outside
the catchment area (n = 32) and residents of other
catchment areas who were admitted to hospitals
within the area (n = 20) were excluded from analy-
sis. Patterns of referral and management, as well as
outcome data and post-codes (equivalent to ZIP
codes), were retrieved for each patient.
It was not possible, in most instances, to ascertain
the patient’s precise location at the time of rupture, so
it was assumed that rupture had occurred near the
home address rather than at a distant site. Travel dis-
tance for patients admitted directly to the ERVSU
was, therefore, defined as the distance by land from
the center of the individual’s post-code region of res-
idence to this unit. For those admitted indirectly, trav-
el distance was defined as the distance from the cen-
ter of the individual’s post-code region of residence to
the referring hospital and then to this unit. All
patients in the study were transferred by land ambu-
lance. In Scotland, air ambulance is not routinely
available for transfer of patients with RAAA.
There is no written protocol regarding the selec-
tion of patients to be admitted to the ERVSU because
we believe that no written guideline can satisfactorily
cover all eventualities. Rather, we encourage medical
and surgical colleagues to discuss the patient’s condi-
tion by telephone so that each patient is considered
individually. When the condition of a patient with
rupture is discussed with the referring doctor, he or
she is advised against any prehospital fluid resuscita-
tion; this may lead to an increase in blood pressure
and contribute to the development of coagulopathy
and fatal aortic hemorrhage before the patient reach-
es the operating room and the aorta is clamped. The
final decision to admit, transfer, or operate on a
patient is made by the on-call consultant vascular sur-
geon, based on this unit’s considerable experience in
managing patients with RAAA.9 The Mann-Whitney
(MW) test, c 2 test, and Fisher’s exact test were used
for statistical analysis.
A probability value of less than .05 was regarded
as statistically significant.
RESULTS
The patterns of referral, management, and out-
come for 972 patients who were identified as having
RAAA during the 7-year study period are shown in
Fig 2. Two hundred nineteen (22.5%) patients were
certified dead in the community without being
admitted to the hospital, 551 (56.7%) were certified
dead in the hospital, and 202 (20.8%) survived.
Therefore, the community mortality for RAAA was
79% (770 of 972 patients). The diagnosis was con-
firmed at operation in 340 (35%) patients and at
postmortem examination in 268 (28%). Of the lat-
ter, 175 died in the community and 93 died in the
hospital without transfer to the ERVSU. In the
remaining 364 patients, RAAA was diagnosed and
recorded on the death certificate on the basis of clin-
ical examination or investigation.
Three hundred seventy-two (38%) patients were
admitted to other units within or outside Edinburgh
and were not transferred to the ERVSU. Of these,
24 (6.4%) patients underwent operation and 14
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(3.8%) survived. For this group of patients, no data
are available to explain the decisions to transfer, per-
form surgery, or treat conservatively. Three hundred
eighty-one (39%) patients (304 men, 77 women;
median age, 73 years; range, 46 to 93 years) were
admitted to the ERVSU. Of these, 65 (17%) patients
did not undergo surgery because they were consid-
ered unfit for surgery on the basis of severe co-mor-
bidity (ischemic heart disease, stroke, dementia,
renal failure, and carcinoma) or extreme age, their
clinical condition had deteriorated such that they
were considered unfit for repair (unrecordable blood
pressure or loss of consciousness), a decision to
operate was made but death occurred before surgery
could commence, or the offer of operation was
declined.5 Of 316 (83%) patients who underwent
surgery, a graft was inserted in 277 (88%). The over-
all mortality for all patients admitted to the ERVSU
was 193 of 381 (51%), and the operative mortality
was 128 of 316 (41%). There was no significant dif-
ference in the overall mortality among patients
transferred from units outside Edinburgh (25 of 43,
58%), those transferred from units within Edinburgh
(16 of 28, 57%), and those admitted directly to the
ERVSU (152 of 310, 49%) (P = .41, c 2 test).
Overall, 316 surgical patients traveled significantly
farther than 65 nonsurgical patients (P < .001,
MW). There was no significant difference in travel-
ing distance between 188 (59%) surgical patients
who survived and the 128 who did not (Table I). Of
Fig 2. Management of 972 patients diagnosed as ruptured abdominal aortic aneurysm in the
catchment area of the Edinburgh Regional Vascular Surgery Unit (ERVSU).
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310 patients who were admitted directly to the
ERVSU, 262 who underwent surgery traveled sig-
nificantly farther than 48 who did not have surgery
(P < .001, MW), and there was no significant differ-
ence in traveling distance between 160 surgical
patients who survived and 102 (40%) who did not.
DISCUSSION
This is the first study to describe the management
of patients with RAAA within a single region of the
United Kingdom, and to describe the relationship of
traveling distance, surgical intervention rates, and out-
come. The first principal finding was that there was no
significant difference in traveling distance between the
operated patients who survived and those who did
not; however, patients who did not undergo surgery
traveled significantly shorter distances to the hospital
than those who did have surgery. One explanation for
this may be the preselection of “good-risk” patients for
transfer over longer distances. In addition, a propor-
tion of patients sustaining rupture in the immediate
vicinity of the ERVSU may have been moribund on
arrival and thus did not undergo surgery.
Several studies have attempted to determine
whether traveling distance and transfer time has an
effect on operative mortality in ruptured aortic
aneurysm. Butler and colleagues9 showed no signif-
icant difference in operative mortality between
patients admitted from the local catchment area (28
of 48, 58%) and those transferred from other centers
(13 of 24, 54%). In 183 patients, Fielding et al10
reported no significant difference in operative mor-
tality between those transferred less than 5 miles (43
of 85, 50.5%) and those transferred farther than 5
miles (39 of 97, 40.2%). Similarly, Barros D’Sa11
demonstrated no significant correlation between
traveling distance and outcome in 187 surgical
patients. Although Yashar et al12 reported a mortal-
ity rate of 27% for patients undergoing surgery with-
in 4 hours of onset of symptoms compared with 80%
for those undergoing surgery beyond 4 hours, van
Heeckeren13 was unable to demonstrate a significant
correlation between duration of symptoms and mor-
tality in 57 surgical patients, and Amundsen et al14
failed to demonstrate any correlation between trans-
port time and overall mortality for 114 patients
(including 30 who did not undergo surgery). Meyer
and colleagues15 compared 48 patients admitted to
a community hospital and 49 admitted to a munici-
pal hospital. They demonstrated that while signifi-
cantly more patients in stable condition underwent
surgery more than 2 hours after diagnosis in the
community hospital, significantly more patients who
were shocked underwent immediate operation in
the municipal hospital, and consequently mortality
was significantly higher. However, Ouriel and col-
leagues16 demonstrated no significant difference in
the delay from the onset of symptoms to hospital
arrival for patients admitted to a university or com-
munity facility, and they found no significant rela-
tionship between operative mortality and the delay
from hospital arrival to the start of the operation. In
a study of 122 patients, Farooq et al17 also demon-
strated no relationship between operative mortality
and duration of symptoms and delay between hospi-
tal arrival and the start of the operation. Although
more hypotensive patients were operated on within
2 hours of onset of symptoms, this was not associat-
ed with a significant increase in mortality.
At first sight, these and present data suggest that
centralization does not prejudice the community
outcome for RAAA. However, in this 7-year study,
93% of survivors of RAAA were operated on in the
ERVSU, fewer than 40% were transferred to this
regional vascular unit, and only 6% of those treated
outside this unit underwent operation. The opera-
tive mortality outside the ERVSU was a very accept-
able 10 of 24 (42%). However, almost all of these
Table I. Transfer distance and outcome in 381 patients with ruptured abdominal aortic aneurysm admit-
ted (directly and indirectly) to the Edinburgh Regional Vascular Surgery Unit
Distance No Operated, Operated, Operative Overall
traveled of Not graft no graft mortality mortality
(miles) patients operated inserted inserted (%) (%)
0 - 5 152 41 95 16 44/111 (40) 85/152 (56)
5 - 10 74 9 58 7 26/65 (40) 35/74 (47)
10 - 15 48 9 34 5 19/39 (49) 28/48 (58)
15 - 20 44 3 39 2 14/41 (34) 17/44 (39)
20 - 25 32 1 27 4 14/31 (45) 15/32 (47)
25+ 31 2 24 5 11/29 (38) 13/31 (42)
381 65 277 39 128/316 (41) 193/381 (51)
operations were performed in one peripheral hospi-
tal by two general surgeons with a major vascular
interest. None of the other seven hospitals were
staffed by surgeons with vascular expertise, which
presumably explains the low operation rate outside
the ERVSU and the other peripheral hospital.
The present study and, indeed, all community
studies of RAAA have limitations. The diagnosis of
RAAA was confirmed by operation or postmortem
examination in only 63% of patients. It is not known
what proportion of patients who were not operated
on were diagnosed as having RAAA in life. It is likely
that there were patients who died suddenly from
RAAA in whom the diagnosis was not made, and per-
haps there were a few who did not die from rupture
but in whom this was the certified cause of death.
The important question raised by these data is
whether a broader provision of vascular surgical
expertise would have increased the proportion of
patients offered and surviving surgery and whether
this, in turn, would have had a positive impact on the
community survival from the condition. Although
the community outcome from RAAA in this series is
similar to that reported in earlier studies from regions
where centralization has not occurred (Table II),
centralization of vascular surgical services may be
associated with an inappropriately low operation and
survival rate for the majority of patients who are not
transferred to the regional center.
The reviewers have specifically requested that the
authors discuss whether “rationing” of health care
resources in the United Kingdom may explain what
they describe as the “excessive mortality” observed in
this study. This is a complex issue. However, the
United Kingdom spends significantly less money on
health education and care than North America and
many European countries, and this may have a nega-
tive impact on the mortality from AAA in several
ways. First, there is low public and physician aware-
ness of the condition such that only a small propor-
tion of patients with AAA are diagnosed and treated
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before the onset of life-threatening complications.
Second, the absence of “round-the-clock” vascular
surgical expertise in the majority of “local” hospitals
means that, for most patients, the only prospect of
survival lies in transfer to a regional center. Third,
suboptimal transport of critically ill patients and a lack
of intensive therapy beds may be relevant to the out-
come for patients with AAA and many other patient
groups. Present data indicate that the effect of these
factors and the centralization of vascular surgical ser-
vices on the community outcome of this and other
emergent vascular surgical conditions requires further
investigation.
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